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Background of the invention 

The present invention relates to a generator for a windmill of the kind driven direcfly 
by the rotor of ft. windmill without any gearbox instaIM ^ ^ ^ ^ 

generator wherein a, leas, toe s«,or of ft. generator is made ofmodu.es of which one 
or more stator modules can be dismantled independently with™, having to dismande 

the entire winding. 

It is known ft* i, is necessary to insert a speed increasing gearbox between the rotor 
and the generator of a windmill. The rotational speed is of the magnitude 20 rpm for 
large windmills while a normal 4-pole generator has a synchronous speed of rotation 
of 1500 rpm. A suitable speed increasing gearbox will thus have a gearratio of 1:75. 

I. is known mat the speed increasing main gearbox of a windmill constitutes a sub- 
stantial part of the cos. price, and besides that i, is a relatively vulnerable main com- 
ponent In many cases, by possible damages, i, will be necessary to dismantle the 
gearbox for repair. In consideration of the gearbox for a windmill in the 2 MW class 
havmg a weigh, of up to ,5 tons and being mounted in a machine disposed on a .ower 
wft a heigh, of 60- 1 00 m it is obvious ft* suc h a replacement may be very costly. 

The risk of incurring considerable expenses by a possible replacement is multiplied if 
large wmdmills are erected a, sea. Handling of weights of is tons or more in 60-100 
m hetgh, may only be performed with very ,arge float cranes or very large mobile 
cranes placed on large barges. Working with this kind of equipment a. the open sea 
can only be done under good weather conditions. Therefore, there may be periods of 
several months during the winter where it is no. possible to replace a damaged gear- 
box. 

The generator itself is also a heavy main component, typically with a weigh, of 5 tons 
by 2 MW rated output As with the gearbox i. canno, be avoided ,ha, ,here will be a 
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certain risk of breakdown of the generator. The conditions by replacing this are just as 
adverse as for the gearbox. 

It is also known that there are gearless transmission systems for windmills where 
gearbox and generator are substituted by a slowly turning, multipolar generator. Such 
a directly driven generator can be made as a synchronous generator with winded rotor 
or with permanent magnets, or it can be designed as alternative types of generators. 
Common to directly driven, multipolar generators is that their dimensions are great. 
The air gap diameter by 2 MW rated output may e.g. be of the magnitude 5 m by an 
embodiment with winded rotor, and a little less by an embodiment with permanently 
magnetised rotor. 

By a directly driven, multipolar generator, the gearbox becomes superfluous. Usually, 
it will be necessary to insert a frequency converter between the generator and the net- 
work since it is difficult to achieve a pole number corresponding to the 50 Hz mains 
frequency by nominal rpm. Hence multipolar generators normally generate alternating 
current with a somewhat lower frequency, e.g. 20 Hz, whereby the number of poles 
may be reduced to 2/5, and more space for the coil windings is provided. Even though 
the frequency converter constitutes increased complexity in relation to a generator 
system where the generator is coupled directly to the network, it may be appreciated 
that the reduction in complexity by elimination of the main gearbox more than offsets 
this. 

A substantial drawback by a directly driven, multipolar generator are the physical di- 
mensions. By an air gap diameter of 5 m, the outer diameter becomes in the magnitude 
of 6 m, and the dead load becomes about the dead load the replaced components, 
gearbox and normal generator, i.e. 20 tons or more. The large outer diameter makes 
transport difficult, and the dead load does not reduce the problem with replacement for 
repair by possible breakdowns. 

A further difficulty arises in the normal configurations with multipolar generators 
where the generator is placed between the rotor and the tower in order to yield a com- 
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pact machine construction. In addition here it ™,iu k» 

bunion, nere it will be necessary to dismantle the 

whole rotor by eventual dismantling of the generator 

From WO-A1-98/20595 a stator assembled from modules is known, where the stator 
wmdings on each module can be premade, and the entire winding can thereafter be 
assembled on site. This construction makes transport to the site of erection easier This 
construction requires a stator housing as such, and this stator housing requires a di- 
ameter which is substantially larger than the air gap diameter. 

From US-A-4,594,552 another generator having a stator built from modules is known 
which modules can be dismantled without the entire winding being dismantled. This' 
construction, however, also requires a stator housing as such, and that the stator hous- 
ing has a diameter substantially larger than the air gap diameter. 

There is known an embodiment of a directly driven generator, US patent 5,844 341 
where the stator of the generator is made with modules which largely constitute indi- 
vidual polar pairs and which are disposed on support arms outside the poles. The ad- 
vantage of this construction is that a damaged part of the generator may be replaced 
without taking down the whole generator. The drawback by this configuration is 
however, that the electromechanical properties in this form of modular construction 
with single polar pairs separated by air gaps may be disadvantageous, and that possi- 
ble dismantling of a single stator module can involve that the whole generator has to 
be opened in situ implying risk of humidity, dirt etc., and that it may be cumbersome 
if the stator module has to be taken out in a disadvantageous direction. 

Another design of a directly driven generator is known, US patent 4,866,321, where 
an axial generator has a stator designed with modules each containing a single pole 
winded around a coil and installed in an arrangement where the coil may be drawn 
radially out from the stator. The advantage of this construction is, as with the previous, 
that a damaged pole in the generator may be replaced without the whole generator to 
be taken down. As a consequence of the mechanical construction it is likely that the 
electromechanical properties will be better than in the above arrangement. The draw- 
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back rs, however, that possible dismantling of a single stator module can involve that 
the whole generator has to be opened in situ imping risk of hUDlidity> ^ efc ^ 

that « may be cumbersome if the stator module has to be taken out in a disadvanta- 

geous direction. 

It is the purpose of the present invention to provide a generator of the kind described 
above, wherein the advantages of a directly driven, multipolar generator are preserved 
and where the drawbacks connected with known generators are relieved such that it is' 
posstble not to have a stator housing as such whereby the diameter of the construction 
can be limited, and be made with a size sutaantiaUy corresponding to the air gap dia- 
meter. 
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purpose is achieved according to the present invention with a generator which :s 
pecuha, * mat each singIe ^ ^ ^ indiv . dua]]y ^ ^ 

7* ° f SeaHng SUbStantialIy ™ndin g to the degree of sealing which is 

desired m the finished generator , ^ ^ a ^ ^ ^ 

abutting on each other form a closed ring of stator modules. 

By designing the generator according to the invention a number of advantages are at- 
tamed as compared with the prior art. 

The advantages of a direCy driven, multipolar generator „ compared ^ ^ ^ 

venttonal Emission systems with gearbox and standard generator are maintained in 

a generator according to the invention. 

By designing the electrically active par. of the generator sfctor as modules, each hav- 
>ng the necessary degree of sealing (typicaliy there is desired sealing corresponding to 
IP54), a stator housing as such is no, necessary, the structural part of the statcr hous- 
es adapted for mounting of 4. modules ^ be ^ _ ^ 

substantially as the air gap diameter. Hereby the outer diameter of the part of the stator 
normaUy being instiled when transporting the windmill ,„ the erection site is reduced 
to the minimum determined by the air gap. Concerning the transport, there is a sub- 
stantial advantage in having the leas, possible outer diameter. The winding modules of 
the stator then have to be retrofitted at me erection site. 

By making the winding a s modules, the space requirements and the comptexity in the 
wtndtng are reduced considerably. The stator modules may be performed in seria! pro- 
dnctton, and the single modules may be finished with sealing, terminal box etc. under 
convenient conditions. Therefore, the risk becomes much less for winding damages 
caused by handling under difficult ac^ss conditions in a large constntction. 

A specia! embodiment of a stator module according to the invention is characterised in 
ma, the sMor module is intended for constituting a part of a complete stator, and tha, 
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the stator module is contained in an enciosure with tightness corresponding to a given 

desired degree of enclosure. 
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By making the stator modules with the necessary tightness so that they may be in- 
stalled and dismantled in situ there is achieved a very essential advantage by possible 
damages. Damages on a generator winding arise normally by an initial flashover at 
one locality, e.g. due to accidental isolation damages, humidity or the like. Because of 
the great amounts of energy released by a burning off, the damage, however, typically 
causes more general effects on the whole winding in a standard generator. Large parts 
of the winding may be damaged by melting, by other thermal effects and by sooting 
up. In the modular construction generator, however, the damage is usually limited just 
to the module in which the initial flashover occurred. Thus it is not necessary that the 
whole winding is dismantled as the repair may be limited to the module(s) concerned. 

The segmented construction of the generator gives the possibility of utilising particu- 
larly advantageous material properties normally not available by rotating electric ma- 
chines. The fact is that iron can be made with directional magnetic properties. This 
kind of field oriented iron is used in transformers and is therefore normally denoted 
transformer sheet metal. On a normal rotating machine where sheet metal for stator 
and rotor is punched in one piece, transformer sheet metal cannot be used as the mag- 
net field lines will have every direction about the rotor axis. The advantage of the 
good magnetic properties in the most advantageous field direction is therefore more 
than offset by corresponding bad magnetic properties perpendicular to the most advan- 
tageous field direction. Therefore, on rotating machines so-called motor sheet metal is 
used, which does not have directional magnetic properties. The iron losses are there- 
fore somewhat greater in rotating machines than in transformers with corresponding 
variations in flux. 



On the segmented generator, however, the situation is otherwise than on normal rotat- 
ing machines. By making the generator with six or more stator modules it may be 
achieved that the magnet field lines within each segment will not deviate much more 
than 10 degrees from the most advantageous direction in the iron. The use of trans- 
former sheet metal therefore becomes relevant, and thereby there is achieved possibil- 
ity of a considerable reduction of the magnetising losses as compared with the losses 
when using generator sheet metal. Furthermore, a better magnetic conductivity is 
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achieved, whereby higher induction and field strength in the air gap is achieved with 
consequently greater magnetic power and torque. 

By the handling itself essential advantages are also achieved. Each single module will 
have a weight much less than the complete generator, and also much less than the 
weight of a normal gearbox or a normal generator. By a directly driven, multipolar 
generator with a weight of 20 tons, the modules may conveniently be made in a num- 
ber so that each has a weight of 500 kg. By a weight of this magnitude the modules 
may be replaced singularly by a few fitters by means of a small crane which advanta- 
geously may be built into the cabin of a windmill. 

The advantage compared with prior art is especially of importance where large 
windmills are erected at sea. The very large floating cranes or very large mobile cranes 
on large barges necessary for repair works on known transmissions systems, whether 
these are conventional with gearbox and standard generator, or with directly driven, 
multipolar generator, may be completely avoided. The only condition for repair is that 
it is possible to get service personnel on the mill. Replaced generator modules may be 
lowered by a small built-in crane, and they may be sailed to and from the windmill on 
a normal service boat. A number of generator modules may even be stored in the mill 
top as spare parts, whereby lowering and sea transport may be postponed until periods 
with favourable weather conditions. 



By making the generator in a shaft mounted version where the torque is absorbed at 
some specific points by moment supports, there may be achieved the advantage that 
the stator of the generator may be turned to the most optimal position by repair works. 
Installing and dismantling modules may therefore occur at one definite position irre- 
spectively of where each module is disposed on the generator when the generator is in 
its normai operative position. For example, the stator of the generator may be turned 
so that the module to be replaced turns downward and therefore may immediately be 
lowered through a hatch at the bottom of the windmill cabin. 
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Description of the drawing 

The invention is described more closely in the following as reference is made to the 
drawing, where: , 

Fig. 1 is an illustration of a prior art kind of tower top section of a windmill, 
Fig. 2 is an illustration of an embodiment of a tower top section of a windmill with 

a generator according to the invention, 
Fig. 3 is a detailed illustration of a generator according to the invention as seen per- 
pendicularly to an axis of the generator, 
Fig. 4 is a further detailed illustration of a generator according to the invention, 
Fig. 5 is a detailed illustration of a generator according to the invention viewed in 

parallel with an axis of the generator, 
Fig. 6 is a second detailed illustration of a generator according to the invention, and 
Fig. 7 is an illustration of an embodiment of a stator module according to the inven- 
15 tion. 

In the design shown in the figures, the generator is with 120 poles in 24 stator mod- 
ules. The generator is permanently magnetised. Other embodiments, including such 
with brushless as well as slipring magnetisation of a winded rotor, are also suitable. 
Here it may be relevant to design a winded rotor so that the rotor also has modules. 
Such a special embodiment is not described any further here. 

Fig. 1 shows a prior art windmill in normal design with gearbox and standard genera- 
tor. The wings I of the rotor are mounted on the mill hub 2 which is fastened to the 
main shaft 3. The main shaft is supported by a main bearing 4 at the front and by the 
gearbox 5 at the rear. The gearbox is connected to the generator 7 with an elastic 
coupling 6. 



30 



Fig. 2 shows a windmill designed according to the invention. The main shaft 8 is sup- 
ported by a front main bearing 9 and a rear main bearing 10. The main bearing has a 
split bushing 11 as flange at the rear. The generator 12 has a shaft 14 (see fig. 3) 
which is supported by the flange 1 1 of the main shaft. 
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Fig. 3 shows an enlarged longitudinal section of the generator. The generator shaft 14 
supports the structure 15 of the rotor which at its periphery has the rotor sheet metal 
16 and the permanent magnets 17. The stator housing 18 is supported by the generator 
bearings 1 9 and has the stator modules 20 at its periphery. 

Fig. 4 shows more enlarged a longitudinal section of the stator. The stator housing 18 
is connected to the stator module 20 by a screw bolt connection (not shown). The sta- 
tor module has an enclosure 23 around the stator sheet metal 24 and the stator winding 
25. In the shown version, the generator is made with a stator housing having an outer 
diameter d which is exactly the same as an outer diameter of the rotor. The stator 
module is thus installed so that the stator module forms an inner diameter D which is 
greater than the outer diameter d of the rotor and of the rotor housing. An air gap A 
may easily be adjusted, e.g. by means of adjusting means, in the embodiment shown 
by means of shims 26, at the joint between stator housing and stator module, and pos- 
sible dimensional deviations in the stator module may thereby be compensated for. 

Fig. 5 shows in part a cross-section of the stator. The single pole 27 has a winding 28 
and is protected by the enclosure 29. The single rotor pole 30 has a permanent magnet 
17. In the rotor structure, manholes 32 are cut out for convenient passage of the gen- 
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Fig. 6 shows the complete generator as seen from the main shaft side. One of the stator 
modules 20 is shown dismantled. The ouier stator modules are at their respective 
places on the stator housing 18. Manholes 35 ensure the possibility of going through 
irrespectively of the position of the rotor. Fittings for torque supports 36 are provided 
with the same number as the stator modules whereby the stator of the generator may 
be fastened for vertical lowering of each single module. 

The electric connection between the stator modules and is not shown on the Figure. It 
may e.g. be established in the way that there is mounted one central terminal box on 
the stator housing, and that from a terminal box on each stator module there is drawn 
an isolated three-phase cable from the stator module to the central terminal box. Alter- 
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namely, there may be established a connection form with three phase rings provided 
concentrically about the main shaft at one side of the stator housing under suitable 
covenng. Isolated three-phase cables are drawn radially from the three phase rings to 
the terminal boxes of each of the stator modules, and the main cables transmitting the 
power to the frequency converter or directly to the network are installed directly on 
the phase rings. 

Respectively of the local connections on the generator, it will be convenient to make 
the mam cables from the generator with a certain slack that may absorb the displace- 
ments occurring between each stator module and a central terminal box if the stator of 
the generator is to be turned for each replacement of one or more stator modules The 
slack may possibly be reduced for the stator to be capable of being turned only a half 
turn clockwise or counterclockwise depending on which side of a vertical plane the 
stator module to be replaced is situated. 

Fig. 7 shows a stator module in cross-section and as end view. The pole 27 has its 
winding 28 and is protected by an enclosure 23. The assembled module 20 appears 
completely enclosed. 



Printed: 17-04-2001 



